Synthesis and characterization of hybrid fluorescent superparamagnetic core-shell particles of Fe@C-CN x composition are presented for the first time. The prepared Fe@C-CN x hybrid nanoparticles were found to possess multifunctionality by exhibiting strong superparamagnetic properties and bright fluorescence emissions at 500 nm after the excitation with light in the UV-visible range. Fe@C-CN x also exhibits photocatalytic activities for organic dye degradation comparable to pure amorphous CN x with reusability through magnetic separation. The combination of magnetic and fluorescent properties of core-shell Fe@C-CN x nanoparticles opens opportunities for their application as sensors and magnet manipulated reusable photocatalysts. Superparamagnetic Fe@C core-shell nanoparticles were used as the template material in the synthesis, where the carbon shell was functionalized through one-step free-radical addition of alkyl groups terminated with carboxylic acid moieties. The method utilizes the organic acyl peroxide of dicarboxylic acid (succinic acid peroxide) as a non-oxidant functional free radical precursor for functionalization. Further, covalently functionalized succinyl-Fe@C core-shell nanoparticles were coated with the amorphous carbon nitride (CN x ) generated by an in-situ solution-based chemical reaction of cyanuric chloride with lithium nitride. A detailed physicochemical characterization of the microstructure, magnetic and fluorescence properties of the synthesized hybrid nanoparticles is provided.
Introduction
Magnetic nanoparticles create tremendous interests largely because of their perparamagnetic properties, have been used as MRI contrast enhancement agents [10] . The presence of carbon shell in the core-shell nanostructures is very important since such shell acts as a protective coating to magnetic cores against chemical components of biological fluids and is inert to pH changes. The carbon shell also facilitates the particles to be stable to chemical environments and treatment procedures. The presence of carbon shell provides opportunities to introduce functional groups on the carbon surface. A series of methods for functionalization of carbon materials and carbon based nanoparticles have been developed. These methods involve either non-covalent functionalization by physical adsorption of chemical compounds, such as polymers, or oxidative route to covalently introduce functional groups. The oxidative functionalization process is however accompanied by oxidation of Fe core in Fe@C particles and decrease of superparamagnetic properties. Strong chemical interaction between the surface carbon network and the functional groups through a covalent carbon-carbon bonding is preferred. Different functional groups, e.g., amino, hydroxyl, alkyne, or maleimido groups, have been covalently bonded to Fe@C nanoparticles through a two-step reaction with aryl diazonium salts [6] . This process is nevertheless limited to bonding only the aryl moieties to carbon shell surface of nanoparticles.
Continuing search for simple efficient methods to introduce organic functional groups capable of further modification tailoring the nanoparticle properties towards specific applications is an active field of research. In this work, a mild organic reaction based on succinic acid peroxide was used to generate and covalently attach carboxyl terminated free alkyl radicals as functional groups to the carbon shell of Fe@C nanoparticles. This technique has previously been effectively applied for a non-destructive to the side walls functionalization of carbon nanotubes [11] .
For specific applications, engineering of multifunctional properties in the nanoparticles is particularly desirable. For example, multi-functionality can be introduced by combination of at least two different physico-chemical properties such as optical (fluorescence) and magnetic. This approach has been explored in In this study, we report for the first time the synthesis of core-shell superparamagnetic iron nanoparticles coated with the fluorescent sphere-shaped CN x shells. This was performed through a two-step chemical procedure. The existence of thick carbon shell around the superparamagnetic iron core played an important role in the surface functionalization. Further, the covalently attached functional groups acted as anchoring sites for the CN x spheres which have been in-situ synthesized and coated over core-shell Fe@C nanoparticles. The synthesized hybrid Fe@C-CN x nanoparticles have been characterized by different analytical techniques and fluorescence properties were studied.
Materials and Methods

Synthesis of Succinic Acid Peroxide
To prepare succinic acid acyl peroxide an earlier reported procedure has been adopted [11] . Briefly, 10 g of succinic anhydride fine powder (Aldrich) was added to 20 mL of ice cold 8% hydrogen peroxide and stirred for 30 min until all of the powder dissolved and a white gel like solution formed. The solution was filtered onto a 1-µm pore size PTFE membrane (Cole Palmer) to leave a deposit Advances in Nanoparticles which was washed with a small amount of water and then air-dried for 10 min.
The white peroxide product has been transferred from the membrane to a glass vial and vacuum-dried at room temperature for 24 h. 
Functionalization of Fe@C
Synthesis of Core-Shell Fe@C-CNx Particles
For this purpose, in-situ formation of CN x through the reaction of cyanuric chloride with lithium nitride [15] in the presence of succinyl functionalized 
Photocatalytic Experiments
Materials Characterization
The spectral data were collected on a Shimadzu UV-3600 UV-VIS-NIR spectrophotometer equipped with the integrating sphere for diffuse reflectance measurements. The samples were prepared on a glass slide with the silicone grease. Light from the spectrophotometer grating was incident normally to the sample surface. The measurement scans were performed in the 300 -800 nm spectral range. Our results are consistent with the earlier report on a non-oxidative functionalization of carbon nanotube sidewalls when they are reacting with the succinic acid peroxide [11] . More commonly used oxidative functionalization process on Fe@C particles tends to oxidize not only the carbon shell but also the metal core [7] . On the contrary, the current method of utilizing the succinic acid peroxide seems to be nondestructive to the carbon shell surface keeping the Fe core mainly intact. The functionalized Fe@C nanoparticles have been surface coated with the CN x to harvest the additional benefit of thus produced hybrid particles.
Results and Discussion
Graphitic (Figure 2(a) ). These data mean that no significant destruction of carbon shells in the as-received Fe@C powder occurs during the treatment with succinic acid peroxide.
SEM imaging (Figure 3(a) ) and EDS analysis show that the as-received Fe@C powder is polydispersed with the particle sizes ranging from 20 to 100 nm, and the bulk content of carbon in the core-shell particles is about 19%. After treatment with the succinic acid peroxide and functionalization with the succinyl moieties, the carbon and oxygen contents increased from 19 to 26 wt% for carbon, and from 3.3 to 6.5 wt% for oxygen. These data provide further evidence were reported [20] to have the thickness of carbon coatings of 4 -5 nm. Such carbon shell, especially after the overcoating with thick CN x layers, has virtually precluded the detection of Fe by XPS which as a surface analysis technique has a typical analysis depth of less than 5 nm.
Magnetic measurements for these core-shell particles were performed at 300 K using SQUID instrument. To understand the optical properties of pure a-CN x and Fe@C-CN x particles, diffuse reflectance (DR) UV-Vis spectra were measured ( Figure 8 ). All the measurements were compared with TiO 2 as a model compound. From the UV-Vis DR spectra showing strong cut off for TiO 2 at 408 nm (Figure 8(a) ), the band gap has been calculated by the following procedure: This hybrid Fe@C-CN x structure was studied for fluorescence activity in a solid state mode with a right angle measurements. It was shown earlier that the spherical CN x exhibits enhanced fluorescence activity compared to the graphitic CN x which is possibly due to the resonance scattering of laser light by spherical particles [18] . In this paper, the fluorescence property of a core-shell hybrid system has been compared with the pure a-CN x . Figure 10 The photocatalytic performance of the Fe@C-CN x was examined and compared with pure CN x by monitoring the degradation of RhB (Figure 12 ). This organic dye is known to be stable towards self-degradation under illumination and also not degrade in presence of photocatalyst in absence of illumination [23] . reused Fe@C-CN x particles were shown to enable the similar degradation of RhB dye at as a high yield as 58% (Figure 12(c) ). However, the dye degradation results show that besides the yield there is also a difference in kinetics between pure CN x and Fe@C-CN x which may be attributed to the porosity and the surface area of the samples. Further the interaction of amorphous CN x with thin carbon shell over superparamagnetic Fe core enable better charge separation efficiency and photocatalytic activity in redox reaction [24] [25].
Conclusion
In summary, a facile chemical method for synthesis of hybrid fluorescent magnetic core-shell particles has been described. This method applies an especially mild technique to covalent organic functionalization of thick carbon shells over the core of superparamagnetic Fe@C nanoparticles followed by their in-situ 
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